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Abstract. A model for elastic scattering of protons at high energies based on the quark-diquark represen-
tation of the proton is discussed. The predictions of the model are compared with experimental data for
the elastic differential cross-sections from available databases.
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1 Introduction
Recently the TOTEM Collaboration reported the first ex-
perimental data on the pp elastic cross-section at a total
energy in the center of mass system
√
s = 7 TeV (every-
where the Planck constant, h¯, and the speed of light, c,
are assumed to be unit, h¯ = c = 1) [1]. Therefore there is
opportunity to describe one in the more wide area of en-
ergy using the early data (see, for example, [2]). In general
there are the number of models of the elastic pp scattering
description [2,3].
In this note we consider the quark-diquark (qQ-) model
in which baryons are considered as bound states of quark
and diquark (a quasi-particle state of two quarks). This
model appeared at the end sixties [4] and was used for
description of different problems: baryon spectroscopy [5],
multiparticale production [6], deep-inelastic processes [7]
and go on. The qQ-model was proposed by V.A. Tsarev [8]
in 1979 to describe the characteristics of proton-proton
elastic scattering and to explain the absence of second
dip in the proton-proton differential cross-section, dσel/dt,
at the four-momentum transfer −t ∼ 4 − 5 GeV2, which
should exist if a proton would compounded of tree quarks.
A. Bialas and A. Bzdak reinvented in 2007 [9] the ap-
proach of [8] in more simplified form without the real part
of the scattering amplitude. They showed that the quark-
diquark model is capable to predict the correct position
of the proton-proton differential elastic cross-section min-
imum, however, the absence of the scattering amplitude
real part results in dramatic overestimation of the value
of first dip at −t ∼ 1.3 GeV2. The model [9] was ap-
plied in [10] to describe at the same level of accuracy the
TOTEM data [1] for dσel/dt at
√
s =7 TeV.
Below we recall the main features of the qQ-model [8]
suitable for numerical calculations and provide compari-
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son with the experimental data on the pp elastic differen-
tial cross-section in the region of high energies,
√
s ≥546 GeV.
2 Quark-diquark model for p(p¯)-p elastic
scattering
The proton-proton differential elastic cross-section can be
expressed in terms of the scattering amplitude F (s, t):
dσel
dt
=
pi
p2
|F (s, t)|2, (1)
where p is the proton momentum in the center of mass
system.
The model [8] limits the consideration of the scattering
amplitude by contributions from one- and two-pomeron
exchanges between quark-quark (1-1), diquark-diquark (2-
2) and quark-diquark (1-2). In this approximation F (s, t)
reads:
F (s, t) = F1(s, t)− F2(s, t)− F3(s, t), (2)
where F1(s, t) is the scattering amplitude with one-pomeron
exchange, while F2(s, t) and F3(s, t) correspond to two-
pomeron exchanges between the proton constituents, quark
and diquark. The amplitude F1(s, t) reads:
F1(s, t) =
ipσtot(s)
4pi
[B1 exp(A11 t) + B2 exp(A22 t)+
+2
√
B1B2 exp(A12 t)
]
, (3)
where σtot(s) is the total proton-proton cross-section. The
coefficients B1, and B2 parametrize the quark-quark, σ11,
and the diquark-diquark, σ22, cross-sections, respectively:
σ11 = B1σtot(s), σ22 = B2σtot(s).
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The model assumes the quark-diquark cross-section, σ12 =√
σ11σ22.
The coefficients Ajk, (j, k = 1, 2) are derived taking
into account the Gauss distribution of quark and diquark
in proton together with the standard Pomeron parametriza-
tion. They read (s0=1 GeV
2):
Ajk =
r2j + r
2
k
16
+ α˜
[
ln
s
so
− ipi
2
]
+
+ λ
[(
m−mj
m
)2
+
(
m−mk
m
)2]
. (4)
Here r1, m1 are the quark radius and mass, and r2,m2 are
the diquark radius and mass, respectively; α˜=0.15 GeV−2
is the Pomeron trajectory slope, and λ = r2/4, where r
is the proton radius. In the model it is assumed that the
m1 = m/3 and the m2 = 2m/3, where m is the proton
mass. The r1 and r2 were found by the fitting of experi-
mental data: r1 = 0.173 r, r2 = 0.316 r.
The amplitudes F2(s, t) and F3(s, t) are:
F2(s, t) =
ip
4pi
B1B2 σ
2
tot(s)
8pi(A12 + 4λ/9)
·
·
[
exp
(
A11A22 − (4λ/9)2
2(A12 + 4λ/9)
t
)
+
+exp
(
A12 − 4λ/9
2
t
)]
, (5)
and:
F3(s, t) =
ip
4pi
√
B1B2 σ
2
tot(s)
4pi
[
B1
A11 +A12 − 4λ/9 ·
· exp
(
A11A12 − (2λ/9)2
A11 +A12 − 4λ/9 t
)
+
+
B2
A12 +A22 + 2λ/9
exp
(
A12A22 − (λ/9)2
A12 +A22 + 2λ/9
t
)]
, (6)
respectively. The quark-quark cross-section, σ11 and the
proton radius r are the free parameters defining (together
with σtot(s)) the s-dependence of the dσel/dt. The diquark-
diquark cross-section and the parameter B2 are derived
from the optical theorem, which results in the following
equation:
σtotb1B1B2 + σtot
√
B1B2(b2B1 + b3B2) =
= B1 +B2 + 2
√
B1B2 − 1, (7)
where
b1 =
1
4pi
Re
[
1
A12 + 4λ/9
]
,
b2 =
1
4pi
Re
[
1
A11 +A22 − 4λ/9
]
,
b3 =
1
4pi
Re
[
1
A12 +A22 + 2λ/9
]
.
Equation (7) is the third-order equation relative to
√
B2.
For 0 < B1 < 1, it has rational root 0 <
√
B2 < 1 which
is used in the model.
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Fig. 1. The antiproton-proton differential elastic cross-section
versus |t| at √s =546 GeV. The curve is the prediction of our
model. The open circles are the experimental data [11].
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Fig. 2. The antiproton-proton differential elastic cross-section
versus |t| at √s =1960 GeV. The curve is the prediction of our
model. The open circles are the experimental data [12].
3 Comparison with experimental data
Fig. 1,2,3 show the antiproton-proton differential elastic
cross-section versus |t| at √s =546 GeV, √s =1960 GeV,
and the proton-proton differential elastic cross section at√
s =7 TeV, respectively. The curves are the predictions
of our model. We see that the proposed qQ-model de-
scribe reasonably the differential elastic cross sections of
the elastic antiproton-proton and proton-proton scatter-
ing in wide region of energy.
The results shown in fig.1-3 correspond to the s−dependence
of the model free parameters which are shown in fig.4-5.
The model results in increase of the proton radius and the
quark-quark cross-section with growth of s.
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Fig. 3. The proton-proton differential elastic cross-section ver-
sus |t| at √s =7 TeV. The curve is the prediction of our model.
The open and closed circles are the LHC TOTEM experimen-
tal data from [1].
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4 Discussion and Summary
We have considered the qQ-model of the pp-elastic scatter-
ing at high energies. We have obtained reasonable descrip-
tion of the differential cross section of elastic pp scattering
in wide region of energies. The position of the dσel/dt-
minimum is in for the satisfactory agreement with ex-
perimental data, while the value of dip is overestimated,
though less than in the model [9]. The reason is that the
model [8] has nonzero real part of the scattering amplitude
coming from the Pomeron parametrization. However, the
value of the real part is not enough for correct description
of the dip value.
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Fig. 5. The dependence ln (103σ11/σtot) versus ln (
√
s/s0).
The model tuning with more sophisticated form-factors,
investigation of additional sources for the scattering am-
plitude real part, and more broad comparison of the model
with experimental data are current plans.
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